2. When coprophagous insects such as dung beetles (Coleoptera: Scarabaeoidea) are 16 exposed to ML residues, lethal and sublethal effects are often observed. Indirectly 17 this can lead to ML residues impairing ecosystem functions that underpin production.
Introduction

37
Macrocyclic lactones (MLs) are veterinary medicines (VMs) used to control Invertebrates that colonize dung for food, breeding and shelter come into direct 49 exposure with these residues. This can have both lethal (Beynon et al., 2012) and 50 sublethal (Verdú et al., 2015) consequences for some taxa.
51
One such group is the dung beetles (Coleoptera: Scarabaeoidea), which play 52 a key role in mediating dung decomposition (Nichols et al., 2008) . Death or 53 impairment of dung beetles and other insects can slow rates of dung decomposition 54 (Wall & Strong, 1987) , which may lead to other detrimental consequences for 55 ecosystem functioning in pastures. For instance, dung remaining unincorporated into 56 the soil acts as a direct impediment to grass growth (Fincher, 1981) . Delayed 57 decomposition is also thought to impair the provision of numerous important 58 ecosystem services (Beynon et al., 2015) , for example by increasing nitrogen loss 59 through volatilization (Nichols et al., 2008) , increasing reinfection of livestock by 60 parasites (Sands & Wall, 2016) , and allowing pest flies to complete development Here, we investigate how moxidectin residues affect the functioning, survival, 
Methods
109
The experiment was conducted on an improved pasture at Dr Beynon's Bug Farm,
110
St Davids, Pembrokeshire, UK (51°53′22″, 5°14′06″). The pasture was in long-term 
145
We measured 600g batches of dung with a kitchen balance accurate to 1g and, 146 using a circular 12cm diameter plastic mold, formed dung pats using the methods of biomass for all replicates using dry biomass (Table 1) 
153
Immediately after forming the dung pats, beetles were added to the enclosures and 154 contained using a 2mm aperture plastic mesh. 
Analysis
177
The proportion of beetles that entered emergence traps was used to estimate beetle efficiency between the two species of dung beetle (Fig. 3) . Overall, we found little evidence that moxidectin impaired functioning both in the 212 short and long term, but found that survival of one species (Geotrupes spiniger) was 213 severely reduced by exposure to residues. In contrast to G. spiniger, Aphodius 214 rufipes appeared to be unaffected by moxidectin residues (Fig. 2) . This species 215 tends to perform relatively poorly in enclosures, perhaps owing to its susceptibility to 216 heat stress as it is a nocturnal species (Jessop, 1986).
217
In dung beetles, larvae are typically more sensitive to anthelmintic residues 
236
While we found no significant effect of moxidectin on short-term measures of 237 dung removal (Fig. 2) , this was likely due to high heterogeneity in the moisture 238 content of dung, combined with a tendency for water content (as indicated by mass) 239 to differ initially between the dung treatments. In the absence of beetles, the mass of 240 dung containing moxidectin residues after 42 days (120 ± 13 g) was on average 37% 
255
In the short-term, we found that A. rufipes provided levels of dung removal 
